Summary. Four 
Introduction
Urine from four different donor types has been shown to accelerate or delay puberty in female house mice. Urine from adult males accelerates puberty (Vandenbergh, 1969) ; urine from grouped females delays sexual maturation (Drickamer, 1977) ; and urine from pregnant or lactating females accelerates puberty (Drickamer & Hoover, 1979) . In a previous series of experiments Drickamer (1982) demonstrated that, for urine from males and grouped females, dose levels as small as 0001 ml/day were sufficient to produce, respectively, acceleration and delay of sexual maturation. For urine from pregnant and lactating females, there was an overlapping pattern; 0-01 and 0005 ml/day were sufficient to accelerate puberty, but smaller doses (0003 and 0-001 ml) did not result in mean ages for first oestrus that were significantly earlier than those of control females treated with water. Additional data on dose levels are needed to understand the mechanisms involved in altering the age of puberty and the ecology of house mouse populations. How sensitive are the physiological mechanisms of the young females to the urinary chemosignals? How much urine must a mouse encounter in nature to activate the effects on reproductive physiology? The present report deals with an assessment of dose levels for the four chemosignals affecting puberty, using serial dilution to achieve very small amounts for daily administration to test females.
Materials and Methods
The mice used in these experiments were from a randomly-bred closed colony of ICR/Alb house mice (Mus musculus). All Rugh (1968) and Vandenbergh (1969) .
Four experiments were conducted, one with each of the four urinary chemosignals-the design, procedures and analyses for each were identical, except for the donor mice that provided the urine. For each urine source fresh urine was collected daily from 10-15 donors by holding the mice over a Petri dish and gently squeezing the flanks. The urine was then serially diluted 1:9 to obtain the graded sequence of doses used. Urine donors for the respective experiments were singly-caged intact males, intact females (N = 8 mice/cage), pregnant females caged individually (used for urine collection between Days 8 and 18 of pregnancy timed by finding seminal plugs), and lactating females caged individually (used for urine collection 8-18 days post partum). All urine donors were aged 70-150 days at the time of the experiment. Males and grouped females were caged in the designated conditions at least 3 weeks before the start of the experiment. Separate Petri dishes and syringes were maintained for each type of urine used. In each experiment 5 treatment groups were used (15 mice/treatment); (1) 0-05 ml water, (2) 0-01 ml urine, (3) 0-001 ml urine, (4) 0-0001 ml urine, and (5) 0-00001 ml urine. Each urine dose was administered daily in a volume of 0-05 ml water on the external nares using a Hamilton syringe. Treatment continued until the occurrence of first vaginal oestrus. Each young female was monitored daily until the occurrence of first oestrus.
Results
Separate analyses-of-variance revealed significant dose effects for each urine type (Table 1) . For male urine and urine from grouped females dose levels as low as 0-0001 ml/day were sufficient to alter the age of maturation, but 0-00001 ml/day did not result in mean ages for first oestrus different from those of water-treated controls. For pregnant and lactating females the pattern of significant differences was such that doses of 0-001 ml/day did produce acceleration of maturation, but smaller amounts were not effective in hastening sexual development. 
Discussion
The internal mechanisms of young female mice involved in reception and translation of the urinary chemosignals which alter the timing of sexual maturation are extremely sensitive. For urine from males and from grouped females these physiological events are altered when only 1 part in 10 000 is the urine containing the chemosignal. For urine from pregnant and lactating females a dose of 1 part in 1000 is sufficient to produce measurable changes in these physiological events in recipient females.
The present data for urine from pregnant and lactating females differ from those of Drickamer (1982) wherein 0-001 ml was not a sufficient daily quantity of urine to affect an acceleration of puberty. I have no complete explanation for this roughly 10-fold difference in the apparent effective dose. One suggestion involves the fact that the earlier work concerning urine from pregnant and lactating females was conducted in the fall and early winter months, whereas the present data were gathered during summer. There may be a differential seasonal sensitivity of the recipient females or some seasonal variation in the potency of the chemosignals released in the urine by the pregnant and lactating females.
With regard to free-living house mice it seems probable that young females encountering urine from these particular sources would be exposed to enough active chemosignal to hasten or delay puberty, providing they were exposed over a sufficient number of days. For acceleration by urine of males 3 days of exposure are needed (Colby & Vandenbergh, 1974) , and for the delay of puberty by urine from grouped females at least 4 days and possibly as many as 7 days of exposure are required (Drickamer, 1977) . For urine from pregnant and lactating females, 3 days of exposure are sufficient to hasten sexual maturation (Drickamer, 1984) . Thus, young female house mice could be affected by one or more of these substances if they remained in their natal location for a sufficient period of time after weaning, or, if they departed from the natal site, whenever they assumed a new, stable residence. Bronson (1979) has argued that the urinary chemosignal effects may delay puberty until the young females have relocated from the natal site to another breeding unit. However, there are as yet insufficient data on the dispersal and activities of young house mice in free-living populations to reach any firm conclusions on this matter.
While these mammalian chemosignals are not apparently effective in the dose ranges that have been reported for some insect pheromones (Schneider, 1966) , the chemosignals are having potent physiological effects when present in the environment in extremely small amounts.
